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Abstract 

Influenza-like illness (ILI) surveillance is important to identify circulating and emerging/reemerging strains and unusual 
epidemiological trends. The present study aimed to give an accurate picture of the 2012-2013 ILI outbreak in Corsica by 
combining data from several surveillance systems: general practice, emergency general practice, hospital emergency units, 
intensive care units, and nursing homes. Twenty-eight respiratory viruses were retrospectively investigated from patients in 
general practice with ILI. Sequence analysis of the genetic changes in the hemagglutinin gene of influenza viruses 
(A(H1 N1)pdm2009, A(H3N2) and B) was performed. The trends in ILI/influenza consultation rates and the relative illness 
ratios (RIRs) of having an ILI consultation were estimated by age group for the different surveillance systems analyzed. Of 
the 182 ILI patients enrolled by general practitioners, 57.7% tested positive for influenza viruses. Phylogenetic analyses 
suggested a genetic drift for influenza B and A(H3N2) viruses. The ILI/influenza surveillance systems showed similar trends 
and were well correlated. In accordance with virological data, the RIRs of having an ILI consultation were highest among the 
young (<15 years old) and decreased with age. No clusters of acute respiratory illness were declared by the sentinel nursing 
homes. This study is noteworthy in that it is the first extensive description of the 2012-2013 ILI outbreak in Corsica as 
monitored through several surveillance systems. To improve ILI surveillance in Corsica, a consortium that links together the 
complementary regional surveillance ILI systems described here is being implemented. 
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Introduction 

The continuous circulation of influenza viruses in animal species 
carries the potential to cause severe human illness through cross- 
species transmission [1]. It is also possible that virus adaptation to 
enable efficient and sustainable human-to-human transmission 
could possibly lead to worldwide pandemics [2-3]. Past episodes 
have confirmed the need for supporting influenza surveillance 
networks throughout the world [4—5]. 

The island of Corsica, a land bridge between Europe and 
Africa, is an important crossing area for infectious agents, which 
increases the public health importance of establishing an efficient 
and reliable surveillance system in the region. 

In Corsica, the surveillance of disease, including influenza-like 
illness (ILI), is performed by several sentinel systems that are based 
on the activity of different health services: general practice, 
emergency general practice, hospital emergency units, intensive 
care units (ICUs), and nursing homes [6-8]. 

ILI outbreaks have been described previously using virological 
and epidemiological data collected by general practitioners (CPs) 



of the Sentinelles network [9-10]. The objective of this study was to 
describe the 2012-2013 ILI outbreak by combining the data from 
several surveillance systems that exist in Corsica. The goal was to 
provide useful information on the 2012-2013 ILI outbreak in 
Corsica and to improve the overall coordination of the ILI 
surveillance system for subsequent ILI outbreaks. 

Methods 

Ethics 

The protocol was conducted in accordance with the Helsinki 
Declaration. All samples were coded and tested anonymously. 
None of the authors collected samples. Samples were collected and 
sent to authors by CPs involved in the virological surveillance. 
Patient information was stored according to national regulations, 
and access to such data was restricted (permission CNIL 471393). 
The patients' identities were not disclosed at any stage. Oral 
consent was obtained from patients by the physician investigators. 
For children under the age of 1 8, parents or legal guardians gave 
permission for their participation in surveillance. Consent from the 
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Figure 1. Distribution of influenza-like illness surveillance networks in Corsica. 

doi:1 0.1 371 /journal.pone.01 00388.g001 
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child was also obtained, depending on her or his age and maturity. 
Based on French national laws (Law 1121-1-1° R. 1121-2), ethics 
committee approval and the written informed consent of patients 
are not required for specific microbiological diagnostic testing of 
the patients and further characterization of the infecting viruses. 

The Corsican Sentinelles Network 

The surveillance of ILIs is conducted in Corsica by five systems, 
described in detail below (Figure 1), the first of which is the 
Corsican Sentinelles network. The CPs of the Corsican Sentinelles 
network participate in the nationwide continuous surveillance of 
the French Sentinelles network by reporting each week the number 
of new consultations for several health indicators, including ILIs 
[11—12]. This system has been strengthened in Corsica since 
2006-2007, and it currendy includes 47 CPs throughout the island 
(16% of Corsican CPs). Of these, 19 (40.4%) participated in the 
2012-2013 virological surveillance of ILIs [9]. 

The Corsican Sentinelles network was the only network 
performing viral testing of ILIs in Corsica. All the participating 
CPs received swabs and other study materials and were asked to 
enroll the first two patients of any age consulting a Sentinelles GP for 
an ILI in each week. The Sentinelles network case definition used for 
the inclusion of ILI patients was a sudden fever of 39°C or above, 
and respiratory symptoms and myalgia [13] less than 48 hours 
after the onset of the symptoms. Sample collection from patients 
with ILI was performed with S-Virocult® swabs (ELITech, 
France). The nasopharyngeal swabs were sent by mail to the 
virological laboratory in 1 mL of viral transport medium and 
stored at — 80°C. Patient information, including demographic 
characteristics, symptoms, risk factors for severe influenza, treat- 
ment, vaccination status, and hospitalization, was documented in 
case report forms. All samples were tested for influenza viruses A 
(A(H3N2) and A(HlNl)pdm2009) and B by influenza real-time 
reverse transcription-polymerase chain reaction (RT-PCR) 
(Table 1) [9-14]. Samples were also tested for the simultaneous 
detection of 26 types/ subtypes of respiratory viral pathogens using 
a Magicplex™ RV Panel Real-Time Test (See gene) and as listed 
in Table 1. Human rhinovirus (HRV) A/B/C, human respiratory 
syncytial virus A/B, and human metapneumovirus results were 
confirmed by a supplementary real-time RT-PCR [15-16], 

Nucleotide Sequencing and Phylogenetic Analysis of 
Influenza Viruses 

The hemagglutinin (HA) sequences were amplified by RT-PCR 
using primer sets for human A(H3N2) (nucleic acids 48-1642), 
A(HlNl)pdm2009 (nucleic acids 73-1200), and B (nucleic acids 
1-1742) influenza viruses [9], [17], [18]. Double-stranded sequenc- 
ing of the purified PCR products (primer sequences are available 
on request) was performed using an Applied Biosystems Sequencer 
(ABI 3700, Perkin-Elmer). Phylogenetic trees were constructed 
using a Neighborg-Joining method based on Kimura's two- 
parameter genetic distances matrix with 1,000 bootstrap replicates 
(n= 1000) using the MEGA 5.0 program [19]. The nucleotide 
sequence data from this study were deposited into GenBank at the 
National Center for Biotechnology Information (NCBI) (http:// 
www.ncbi.nlm.nih.gov) under the following accession numbers: 
KF928708-KF928726 for influenza B, KF928727-KF928744 for 
influenza A(HlNl)pdm2009, and KC814184-KC814214 for 
influenza A(H3N2). 

The Emergency General Practice Network: SOS Medecins 

The French Institute for Public Health Surveillance {Institut de 
Veille Sanitaire, InVS) developed in 2003 a syndromic surveillance 



Table 1. Viral etiology of patients with influenza-like illness 
enrolled by the Corsican Sentinelles network. 





Respiratory viruses 


Total % of 1 82 


Tested positive for at least one virus 


80.8 


Single infection 


71.5 


Co-infections 


9.3 


Influenza viruses in N patients 


All Influenza viruses 


57.7 


Influenza A*^ 


27.5 


influenza A(HlN1)pdm2009 


18.1 


Influenza A(H3N2) 


7.1 


Influenza B* 


30.2 


Other respiratory viruses in N patients 


Human Respiratory Syncytial virus (HRSV) A/B* 


11.5 


Human Rhinovirus (HRV) A/B/C/Human Enterovirus* 


6.6 


Human Adenovirus (HAdV) (A/B/C/D/E/F)* 


6.0 


Human Coronavirus (HCoV) 229E/NL63/0C43* 


4.0 


Human Bocavirus (HBoV) 1/2/3/4* 


2.2 


Human Metapneumovirus (HMPV)* 


1.6 


Human Paralnfluenzae (HPIVJ1/2/3/4* 


0.5 



*Viruses detected by the Magiplex™ RV Panel Real-time test. 
1 Four influenza A viruses have not been sub-typed. 
doi:1 0.1 371 /journal.pone.01 00388.t001 



system based on the activity of emergency health professionals 
through an organization called SOS Medecins, which is the first emer- 
gency network of GPs and health care in France [8]. In Corsica, this 
emergency general practice surveillance system was implemented in 
December 2010. It is based on the activity of 1 1 GPs covering a 
population of 100 000 habitants (the Ajaccio area in the southwest 
of Corsica; see Figure 1) and responding to private house calls 24 h 
a day, 7 days a week [8]. The GPs report on a daily basis the 
sociodemographic and medical data for each patient visited (age, 
sex, diagnosis and hospitalization) [20] . For maximal comparability 
with respect to the definition of the French Sentinelles network for the 
inclusion of ILI patients, the SOS Medecins ILI definition (sudden 
fever of 38.5°C or above, respiratory symptoms and myalgia) is 
coded according to the International Classification of Primary Care 
(code "R80 Influenza/R80 ILI) [20]. The weekly number of visits 
coded as "R80 Influenza/R80 ILI" by SOS Medecins, was analyzed. 
The chosen indicator of ILI activity was the number of ILIs coded 
per week divided by the total number of visits coded per week. 

Hospital Emergency Units: The OSCOUR Network 

In Corsica, the OSCOUR network has been based since 201 1— 
2012 on the activity of the two hospitals located in the northeast 
(Bastia) and southeast (Porto-Vecchio) of Corsica (Figure 1). Data 
(age, sex, diagnosis and hospitalization) were collected directly 
from outpatients' computerized medical files completed during 
medical consultations and transmitted encrypted to the InVS 7 
days a week. Information about patients with a diagnosis of 
influenza (International Classification of Diseases-10: J09 tojll) was 
extracted weekly. The J09 code corresponds to influenza due to 
A(HlNl)pdm2009, J10 corresponds to influenza caused by other 
identified influenza viruses, and J 1 1 corresponds to an ILI caused 
by unidentified influenza viruses. The indicator chosen was the 
number of cases coded J09 to Jl 1 per week divided by the total 
number of visits coded per week. 
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Surveillance of Severe Influenza Cases in Intensive Care 
Units (ICUs) 

Clinicians are required to report all probable and confirmed 
influenza cases admitted to an ICU to the regional office of the 
InVS [cellules de I'InVS en region), using a standardized notification 
form. Patient information, including demographic characteristics, 
symptoms, risk factors for severe influenza, treatment, vaccination 
status, and hospitalization was collected. Confirmed cases were 



defined as patients who tested positive for influenza by RT-PCR 
performed on a nasal swab. 

Clusters of Acute Respiratory Infections (ARIs) in Nursing 
Homes 

A surveillance system in nursing homes for the elderly has been 
implemented in Corsica since 2011—2012, to assist them in 
managing clusters of ARIs. A cluster is defined as five cases or 




— — — Number of samples 



E ptd emic th res hold 



5 1 <f *P <P & K # <f # ^ <f <f & <f ^ <P 

Surveillance weeks 



Figure 2. Temporal distribution of influenza-like illness (I LI) consultation rates from November 201 2 (week 46) to April 201 3 (week 
14) by surveillance networks in Corsica. From top to bottom, (1) Weekly rates (black line) of J09 to J1 1 diagnostics estimated over the totality of 
number of visits coded per week at hospital emergencies (OSCOUR network), (2) Weekly rates (black line) of R80 lnfluenza/R80 ILI diagnostics 
estimated over the totality of number of visits coded per week by GPs of the emergency general practice network (SOS Medecins). (3) ILI incidence 
rates (grey line) per 100 000 inhabitants and weekly distribution of ILI samples positives (histogram bars) to at least one respiratory viruses analyzed 
(GPs of the Corsican Sentinelles network). (4) ILI incidence rates (black line) per 100 000 inhabitants (GPs of the French Sentinelles network) and 
epidemic threshold (red dotted line) calculated by a periodic regression on model applied to the former observed data (Serfling'method) [44]. 
doi:1 0.1 371 /journal.pone.01 00388.g002 
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Figure 3. Relative Illness Ratio (RIR) by age-group for the 2012-2013 epidemic (black line) and 95% confidence intervals (CIs) 
(dotted line) by surveillance ILI network: (a) Corsican Sentinelles network; (b) SOS Medecins and (c) OSCOUR network. 

doi:10.1371/journal.pone.0100388.g003 



Table 2. Demographics of patients with influenza-like illness (ILI) enrolled by the Corsican Sentinelles network. 



All ILI patients Positives to at least one Positives to one Positives to one 



Characteristics 


N = 182 


respiratory virus N = 147 


Influenza viruses N 


= 87 respiratory viruses N 


= 43 Colnfections N = 17 


Demographic 


Age -median 


30 [1-73] 


29 [1-73] 


32 [1-73] 


18 [1-73] 


16 [2-41] 


Female sex (%) 


59.3 


40.8 


61.0 


55.8 


58.8 


Age groups (%) 


0-4 


12.1 


15.0 


15.0 


14.0 


17.6 


5-14 


18.1 


14.3 


15.0 


30.2 


29.4 


15-29 


18.7 


16.3 


14.0 


16.3 


29.4 


30-44 


26.7 


23.8 


30.0 


11.6 


23.5 


45-64 


18.7 


19.1 


24.0 


16.3 


0 


>65 


5.5 


4.7 


22.0 


11.6 


0 



doi:1 0.1 371 /journal.pone.01 00388.t002 
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more within 4 days and must be reported to the local health 
authority using a standardized notification form. An evaluation 
survey was conducted in July-September 2013, after the 2012- 
2013 ILI outbreak, providing figures about vaccination coverage 
(VC) against influenza for residents and for health care workers. 

Statistical Analyses 

The total study population was grouped into the following six 
age groups: 0-4, 5-14, 15-29, 30-44, 45-64, and >65 years old. 
These were chosen based on standard clinical groupings according 
to probable influenza exposure/ risk environments. For continuous 
variables, groups were compared by Student's Hests or Mann- 
Whitney tests as appropriate. The chi-squared or Fisher's exact 
test (as appropriate) was used to compare dichotomous variables 
between groups. The demographic data on the Corsican 
population were provided by the French National Institute of 
Statistic and Economic Studies [21]. 

The age-specific burden of illness was assessed using the relative 
illness ratio (RIR) [22]. This ratio divides the contribution of a 

specific age group i to the total number of ILI cases I Cij Ci 



by its proportion of the general population I Nij Yl 



RIRj -- 



c, / £ Q 



where C, is the number of ILI cases in age group i (there are n age 
groups in total), and N, is the total population of an age group i. 
RIR t helps to assess the under- or overrepresentation of age group i 
among ILI cases: a ratio above 1 indicates disproportionate risk. 
Confidence intervals (CIs) were estimated with the Poisson exact 
method [23]. Spearman rank correlation coefficients (p) of ILI 
time series were determined for the epidemic period among the 
surveillance networks analyzed. Analyses were performed using 
STATA software (v. 11.0, StataCorp LP, Texas, USA) and R 



Table 3. Coinfections of respiratory viruses in patients with 
influenza-like illness patients enrolled by the Corsican 
Sentinelles network. 



Co-infections 



Influenza B, Influenza A 
Influenza B, HAdV 
Influenza B, HBoV 
Influenza B, HRV 
Influenza B, HRSV 
Influenza B, A(H1N1)pdm2009 
A (H1N1)pdm2009, HAdV 

A (H1N1)pdm2009, HBoV 
A (H1N1)pdm2009,HMPV 

A (H1N1)pdm2009, HRSV 

A(H3N2), HRSV 
HRSV, HAdV 
Total N (% of 1 82) 



1 
3 
2 
1 
2 
1 
1 
2 
1 
1 
1 
1 

17 of 182 (9.3%) 



C 



O 

u 



T3 



-a 

o 



=5 



91 
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D97N 

5185T 
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characterize group 6 and 7 



E 



A/Baloares/557/2013 
— A/Dolj/133772/2013 
A/Austria/47/2013 
A/Athens.GFi/401/2013 
A/En gland/576/20 12 
A/Baleares/400/2013 

— A/Norway/2144/2012 

— A/Roma/07/2013 
A/Englandffi58/2012 

A/Extremad u ra/651 /201 3 
A/Madrid/603/2013 
A/AusHaf1 32/201 3 

— A/Limoges/26/201 3 

— A/Navarra/703/201 3 

A/Navarra/763/201 3 

I A/St._P&tersbuig/37/2013 

83 — A/5aint-Petersburg/33/13 
A/ENG/576/2012 

A/Cors ica/F3490_04/20 1 3 
— A'Murcia/538/2013 
A/Ba laves 1728/2013 
A/Corsica'' F3500 07/2013 



Epitope A 
Epitope B 

Epitope C 
Epitope D 
Epitope E 



61 L 



A/Skovdc/1/2013 

— A/PaisVasoo/598/2013 

I A/Coisica/F3500_06/2013 

62 A/Coistea/F3500_08/2013 
A/Carsiea/F34fl5_02/201 3 
A'Saint- Petersbu iy/38/1 3 

— A/Belgium/S0007/2013 
A/Stockholm/42/2012 
A/Corsica/ F3592_04/201 3 
A/Corsica/ F3521 _07/201 3 
A/Corsica/ F3976J 4/201 3 
A/Extremadu ra/416/201 3 
A'Corsica/F3490_03/201 3 

A'lieland/G 1455/201 3 

A/Corsica/F3521 .22/201 3 
A/Navarra/581/2013 

— A/Galicia/504/2013 
A/Coreica/F3521 J3/2013 
A'Extremad ura/41 8/201 3 
A/Corsica<F3521 _17/2013 
A/Balftaras/725/201 3 

— A/Catalonia/6025S/201 3 
A/Austria/7/201 3 

A/Norway /2530/201 2 
73' A'Arkadia.GFU443/2013 
A/Berlin/1 67/201 2 
" A''Strasbouig/ia&6/2012 
A/St._Petersburg/27/201 1 

I — A'Scotland/124640797/2012 

95' A/Switzerland .'7587022/201 2 

A/Astrakhan /1/2011 

A/Pars/1878/2012 



Group 6 

A/St._Pete rebu rg.27/20 1 1 



B7, 



A/Bayem/79/2009 



A197T 

S143G 



' r^ 
r~ L a 



A/Hong_Kong/3934/201 1 

A/Christchurch/1 6/2C1C 

A/California/07/2010 

— A/California/07/20rj9 
A/Bayern/69/2009 

A/St._Petersburg/100/2011 

A''Coreica/F3472_01 /201 3 

A/Corsica/F3521 _21 /201 3 

J ' A/Corsica/F3521_20/2013 

A/Corsica/F3522_16/201 3 
A/Corsica/F3618_1 1/201 3 
A/Corsica/F3618_ 04/201 3 

AiUppsala/3j'2013 

A/Lyon/CHU/52.271/2013 

A.'Trieste/03/2013 

— A/BelgiunVG91 7/2012 
g4 1 A/Aragort/691/201 3 

— A''Paviaj'1C013 
' A/Netherlands/529/2012 

A/Parish 885/2012 
A/Stockholm/5''2013 
A/Austria/9/2013 

— A/Lyon/2757/2012 
A/Lyon/2/2013 



7? 



77 
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Af5t._Petersbura,'10Q'2011 



f:;: 
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Figure 4. Evolutionary relationship of A(H1 N1)pdm2009 influenza viruses sampled in Corsica during the 2012-2013 influenza like- 
illness outbreak. The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap consensus tree inferred from 1000 
replicates is taken to represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% 
bootstrap replicates are collapsed. The analysis involved 79 sequences. 
doi:1 0.1 371 /journal.pone.01 00388.g004 



software (v. 2.13.2) (http://www.r-project.org) [24]. The epidemi- 
ological forms used to collect the data from ILI patients consulting 
the Sentinelles GPs were entered anonymously in EpiData (v. 1.4.2 
(http:/ /www.epidata.dk). 

Results 

Trends in ILI/lnfluenza 

The ILI consultation rates are reported in Figure 2. The French 
Sentinelles network's ILI rates indicate that the 201 2-20 1 3 epidemic 
in mainland France started during week 51, 2012 (from December 
17 to December 23, 2012), peaked at week 5, 2013 (from January 
28 to February 3, 2013), and fell below the epidemic threshold 
during week 11, 2013 (from March 11 to March 17, 2013). All 
surveillance systems analyzed had a significant and strong 
correlation with the ILI consultation rates of the Corsican 
Sentinelles GPs (Figure 2) during the epidemic period. The highest 
correlation coefficient was seen for the incidence reported by the 
French Sentinelles network (p = 0.862; /><0.05), followed by the ILI 
rates estimated by emergency GPs in Corsica (SOS Medecins) 
(p = 0.821; /><0.05) and hospital emergency units (OSCOUR) 
(p = 0.615; /><0.05) (Figure 2). 

Relative Illness Ratio (RIR) 

The RIRs of ILI consultations by age group and surveillance 
system during the influenza epidemic period are shown in Figure 3. 
Across all surveillance networks, the RIRs were consistendy 
highest for the youngest patients (<15 years old) compared with 
the adults. The RIRs peaked for school-aged children (5-14 years 
old), were closer to unity for young adults (30-44 years old), and 
decreased for adults over 45. The lowest RIRs were observed for 
patients aged over 65 years. 

Number of Severe Influenza Cases in ICUs 

Three severe influenza cases were reported by ICU clinicians. 
They median patient age was 62 years (min = 59, max = 66). The 
patients had at least one risk factor for severe influenza (obesity, 
pulmonary pathology, or aged >65 years, respectively) and had 
not been vaccinated with the 2012-2013 seasonal vaccine. Two 
had laboratory-confirmed A(HlNl)pdm2009. 

Surveillance of Outbreaks in Nursing Homes 

Sixty-one percent (16/26) of nursing homes participated in the 
surveillance. They were representative of all nursing homes in 
terms of their number of beds (p-value = 0.91), departments (p- 
valne=\) and their public /private status (p-value = 0.60). No 
clusters of ARIs were declared during the 2012-2013 ILI outbreak 
and epidemic period by the 16 participating nursing homes. The 
global VC of residents against seasonal 2012-2013 influenza virus 
was 87.6% (95% CI, (86.3%-89.0%)). For the health care workers, 
the global VC was 16.0% (95% CI, (13.0%-18.9%)). 

Viral Etiology 

One hundred eighty-two nasopharyngeal samples were col- 
lected by 19 GPs of the Corsica Sentinelles network. Patients' 
characteristics are reported in Table 2. The median age of the 182 
patients reported by the virology surveillance system was 30.0 
years (min= 1, max= 73), and 59.3% were female. Six percent of 



ILI patients had been vaccinated with the 2012-2013 seasonal 
trivalent influenza vaccine (data not shown in Table 2). 

Of the 182 samples (Table 1), 80.8% were positive for at least 
one virus. Single infections accounted for 71.5% of patients. 
Influenza viruses were detected in 57.7% of the patients. Influenza 
B was detected in 30.2% of the ILI patients. Influenza A was 
detected in 27.5% of the patients, of whom 18.1% had 
A(HlNl)pdm2009. Coinfections were detected in 9.3% of the 
ILI patients. The most frequent combination was an influenza B 
virus with one other respiratory pathogen (Table 3). Patients with 
no infection, a single infection, or coinfection did not differ with 
regard to sex or clinical symptoms. The distribution of the 
respiratory viruses among the different age groups is presented in 
Table 4. The rate of positivity for at least one respiratory virus 
decreased significantly (/> = 0.0 1 2). Coinfections were only detected 
in patients less than 45 years old. 

Phylogenetic Analyses of Influenza Viruses 

Among the 33 samples of A(HlNl)pdm2009 influenza virus 
detected in 2012-2013, 54.5% (N= 18) were randomly selected, 
and their HA sequences were compared with those of vaccine and 
reference strains for phylogenetic analysis (Figure 4; Table SI). 
The A(HlNl)pdm2009 viruses clustered within genetic groups 6 
and 7, which were characterized by the D97N and S185T 
(antigenic site B) mutations with respect to A/California/7/2009 
(2012-2013 vaccine influenza strain). Group 6 was characterized 
by the additional mutation D163I (antigenic site D), and group 7 
by the mutations S143G (antigenic site A) and A197T, with 
respect to A/California/7/2009. 

The HA of 10 of 13 (77.0%) randomly selected Corsican 
A(H3N2) influenza strains obtained during the 2012-2013 
influenza outbreak clustered in the A/Hong Kong/3869/201 1- 
like group 3C (Figure 5; Table S2). The group 3C strains are 
characterized by the mutations T128A (antigenic site B), R142G 
(antigenic site A), and N278K (antigenic site C) with respect to A/ 
Victoria/361/2011 (reference vaccine strain for 2012-2013). 

The HA of 19 of 55 (34.5%) randomly selected influenza B 
viruses detected in 2012—2013 was compared with vaccine and 
reference strains for phylogenetic analysis (Figure 6; Table S3). All 
influenza B viruses isolated in Corsica during 2012-2013 were of 
the Yamagata lineage and fell into genetic group 2 (95 %; N= 18) 
and group 3 (5%; N= 1). The strains belonging to group 2 were 
characterized by the mutations R48K (antigenic site C), P108A 
and I150S (antigenic site A), Y165N (antigenic site B), T181A 
(antigenic site D), and D229G (antigenic site D) with respect to the 
B/Wisconsin/1/2010 vaccine strain of the 2012-2013 season. 
The influenza B strain belonging to group 3 was characterized by 
the mutations N116K (antigenic site C), K298E, and E312K. 

Discussion 

The ILI consultation rates reported by the Sentinelles network 
remain the basis of surveillance in Corsica, because the system 
integrates epidemiological and virological information as well as 
data about the molecular characterization of the influenza viruses. 
All surveillance systems analyzed showed a strong correlation with 
the ILI consultation rates declared by the Corsican Sentinelles 
network. Overall, the RIRs of consulting different medical services 



PLOS ONE | www.plosone.org 



8 



June 2014 | Volume 9 | Issue 6 | e100388 



Surveillance of Influenza Like-Illness in Corsica 



rl 



7J 



T128A 
R112G 

N278K 



N145S 
QlSfiH 
V186G 

Y219S 



too 



39 1 ACorsica.'F12213''2013 
ACorsica/F1 2806/20 13 
AICor3ca'F12809/201 3 
WCoracafF122 14/201 3 
A'Coraca'F12801/2013 
L ACorsica'F1220a<2013 
A/Corsica' F 1 250 520 1 3 
tf- A'Coisica/F12213B,'2013 
A/ Corsica' F 1 261 3/20 1 3 
A'Athens.GR/76/2013 
A'Latvia'1 -32593/201 3 



52 



- A'lreland'00367/2013 
A'Denmark.'2a'2013 
A'CtBrmont-Ferrand'M.^OI 3 

- A/Catalonia'2071057NS<2013 
A/Denmark/ea'2013 
A/NardrhGin-Weslfelen.1/2013 
ATriestefl1/2013 
TBI- A' Parts/09 1/20 13 
I- A'Caen.'56B/2013 
- A/Pans.' '163/20 13 
A'HauleNormandie.2013 

- A/Nord Pas de Calais/275/201 3 
ACaen/1 58.2013 

- A/Pans/072'2013 
ACentre/298/2013 

A'Roma'02/2013 
A/Nord Pas de Calais.' 39 3' 20 13 



A'Caen/l 54,201 3 



l — A/Astrakhan'1/2013 

94i ACorsica'F12302/2013 

I— A'Madeira/MS3'2013 
A'Den mark/52/2013 
ACatatonia''2070883NS'2013 



BO 



€1 



A' Den mark.' 30/201 3 



M 1 A.Athens.GR'73'203 

— A/HongKong'3869/201 1 



A/Vidoria/361/2011 



A/Hajlsrso"Ta^a'3B5'2313 



AfEngland.259.201 1 

A'Bekjium'G0044,'2013 

A'Stockholm' 18/201 1 

A'England''691/2010 



A'Alabama'04/2011 



100 



A'PerW16/2009 
- A'IOWA'19/2010 



A'Brisbane/10/2007 

AWiscortsin/67/2005 



100 



A'Fujian.m 1,2002 



\ 



Epitope A 
Epitope B 

Epitope C 
E pi to p c D 
Epitope E 



Group3C 

AHong Kong/38 69/20 1 1 -I ike 



A'Calrfornia/7/2004 



PLOS ONE | www.plosone.org 



9 



June 2014 | Volume 9 | Issue 6 | e100388 



Surveillance of Influenza Like-Illness in Corsica 



Figure 5. Evolutionary relationship of A(H3N2) influenza viruses sampled in Corsica during the 2012-2013 influenza like-illness 
outbreak. The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap consensus tree inferred from 1000 replicates is 
taken to represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap 
replicates are collapsed. The analysis involved 50 sequences. 
doi:1 0.1 371 /journal.pone.01 00388.g005 



that participated in ILI surveillance (Sentinelles network, SOS 
Medecins, or OSCOUR) showed similar trends, which decreased 
with age. Similarly, virological data from the ILI patients enrolled 
from the GPs of the Sentinelles network confirmed this trend, as the 
rate of positivity for at least one respiratory virus decreased 
significandy with age. No clusters of ARIs were declared during 
the 2012-2013 ILI outbreak by the sentinel nursing homes. 

Among the ILI patients enrolled by the Sentinelles GPs, 80.8% 
tested positive for at least one of the respiratory pathogens 
analyzed, which is a higher positivity rate than in previous reports 
[2], [25], [26]. This result could be explained by the high specificity 
of the ILI case definition used in the present study [13] and the 
unusual length of the 2012-2013 ILI outbreak (13 weeks) [27]. In 
this study, coinfections were detected in persons aged 44 years and 
younger at a rate of 9.3%, consistent with previous studies [26], 
[28], [29]. Several studies have reported an association between 
viral coinfections and increased morbidity, but these remains 
controversial [30]. In our study, all coinfections were associated 
with mild ILI disease. 

In the present study, the rate of positivity for at least one 
respiratory virus decreased significandy with age. It should be 
noted that while human respiratory syncytial virus (A/B), was the 
second most frequendy detected respiratory virus after influenza in 
patients aged less than 15 years, in agreement with previous 
studies [31], HRV was the most frequendy detected virus in 
patients aged >65 years. Information about the non influenza 
viral infections such as HRV to ILI episodes in older persons is 
poor, pardy because of difficulties in diagnosis related to atypical 
presentations and low viral loads [32-34]. Previously, it has been 
suggested that HRV could be the cause of exacerbations of 
chronic respiratory diseases and could increase morbidity rates in 
frail persons as, including the elderly [33-34]. Overall, the RIR of 
consulting for an ILI was similar among the different surveillance 
networks analyzed here and decreased significandy with age. Two 
age groups were characterized by an RIR above 1 : preschool and 
school-aged children less than 14 years old, and working adults 
aged 30^4 years. This peak in the 30-44-year-old group could be 
explained by their proximity to children as parents. This trend is in 
accordance with the viral etiology of the epidemic, characterized 
by the cocirculation of A(HlNl)pdm2009 and B influenza viruses 
[35]. 

In Corsica, no clusters of ARIs were declared during the 2012- 
2013 ILI outbreak in sentinel nursing homes. This was remarkable 
because of the significant cocirculation of influenza A and B 
viruses and of other respiratory viruses. This finding is likely 
attributable to the high VC against influenza viruses among 
residents, similar to the VC previously reported in French nursing 
homes [36], and a certain degree of cross-protection from previous 
exposure to influenza A(HlNl)pdm2009 [37]. It could also be due 
to the result of better general hygiene management, as demon- 
strated by the rarity of clusters of gastroenteritis (N = 3) declared 
by the same sentinel nursing homes. However, it is unlikely to have 
arisen through a good VC among staff, as this was low (16%), 
similar to staff VC levels previously reported that ranged from 
10% to 50% [36]. 

During the 2012-2013 ILI outbreak, epidemiological studies of 
laboratory-confirmed cases estimated a low-to-moderate vaccine 
effectiveness against influenza viruses [38-41]. Phylogenetic 



analyses of the HA gene in Corsica showed that all influenza B 
viruses belonged to the Yamagata lineage. Except for one strain 
that belonged to the group 3, all other Influenza B strains fell into 
genetic group 2 and were characterized by five mutations 
compared with the vaccine strain, located at four antigenic sites, 
which could suggest a drift [42]. The A(HlNl)pdm2009 viruses 
detected in Corsica belonged to groups 6 and 7, and showed a 
good match with the vaccine strain [43]. As previously reported, 
the HA sequences of A(H3N2) viruses isolated in Corsica during 
the 2012-2013 season [10] were characterized by seven amino 
acid substitutions at four antigenic sites compared with A/ 
Victoria/361/2011 (2012-2013 vaccine strain), suggesting a drift 
[42]. 

Several limitations were inherent in the surveillance systems 
examined in this study. The monitoring of ILI, is mainly based on 
clinical surveillance, as the virological surveillance, for instance, 
was carried out by the Sentinelles network. The lack of virological 
confirmation for the patients of the emergency general practice 
network (SOS Medecins), who visited the hospital emergency 
departments (OSCOUR) and/ or in nursing homes is an important 
gap. The evaluation of the causative agents of ILI in patients 
enrolled by the GPs of the Sentinelles network did not cover all 
possible respiratory pathogens, as other bacterial or viral 
pathogens that can cause ILI were not investigated. It is possible 
that a low viral titer could not be detected by RT — PCR. 
Moreover, antigenic characterization of the influenza viruses that 
were characterized genetically was not performed. Overall, the 
patients were enrolled using a rather specific ILI case definition 
(especially for the Sentinelles network and for the SOS Medecins 
network), excluding infected patients with atypical ILI symptom 
presentations, including older persons, as well as asymptomatic 
infections. Finally, the epidemic threshold was only available for 
the ILI consultation rates reported by the Sentinelles GPs at a 
national level, which may not be adequate at a regional level with 
respect to the GPs Sentinelles network and with respect to the other 
local surveillance systems. 

To improve ILI surveillance in Corsica, a consortium that links 
together the complementary regional surveillance ILI systems 
described here is being implemented. Today, the Corsican 
Sentinelles network is the only network performing viral testing of 
ILIs in Corsica. This consortium will allow the integration of the 
virological surveillance of more than 20 respiratory viruses with 
the ILI clinical surveillance of the OSCOUR network (hospital 
emergency units), the SOS Medecins network (emergency network of 
GPs), and the surveillance of ARIs in the sentinel nursing homes. 
The integration of virological surveillance in these systems will 
permit the acquisition of essential information on the spread of the 
analyzed respiratory viruses in the island, especially influenza 
viruses, and about the severity of the influenza epidemics. 

This study is noteworthy in that it is the first extensive 
description of the 2012-2013 ILI outbreak and the influenza 
epidemic in Corsica using several surveillance systems. Overall, 
data collected from the different surveillance systems were well 
correlated, and they suggest that the influenza epidemic had a low 
impact on older persons. 
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Figure 6. Evolutionary relationship of B influenza viruses sampled in Corsica during the 2012-2013 influenza like-illness outbreak. 

The evolutionary history was inferred using the Neighbor-Joining method. The bootstrap consensus tree inferred from 1000 replicates is taken to 
represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are 
collapsed. The analysis involved 75 sequences. 
doi:1 0.1 371 /journal.pone.01 00388.g006 



Supporting Information 

Table SI Amino acid substitutions observed in antigenic sites 
(A-E) of the hemagglutinin protein of 19 A(H1N1)2009 influenza 
viruses isolated between November 2012 to April 2013 in Corsica 
Island, France. 
(DOCX) 

Table S2 Amino acid substitutions observed in antigenic sites 
(A-E) of the hemagglutinin protein of 10 A(H3N2) influenza 
viruses isolated between November and April 2013 in Corsica 
Island, France. 
(DOCX) 

Table S3 Amino acid substitutions observed in antigenic sites 
(A-E) of the hemagglutinin protein of 19 B influenza viruses 

References 

1. Horm SV, Sorn S, Alia] L, Buchy P (2013) Influenza A(H5N1) virus surveillance 
at live poultry markets, Cambodia, 2011. Emcrg Infect Dis 19: 305-308. 

2. Nakoune E, Tricou V, Manirakiza A, Komoyo F, Sclckon B, ct al. (2013) First 
introduction of pandemic influenza A/H1N1 and detection of respiratory viruses 
in pediatric patients in Central African Republic. Virol J 10: 49. 

3. (2009) Global influenza surveillance nctworkdaboratory surveillance and 
response to pandemic H1N1 2009. Wkly Epidemiol Rec 84: 361-365. 

4. ECDC website. Available: http://ecdc.europa.cu/en/activities/surveillance/ 
cisn/survciHance/pagcs/survciHancc.aspx. Accessed 2013 December 

5. WHO website. Available: http://www.who.int/influenza/surveillance_ 
monitoring/en/. Accessed 2013 December. 

6. Valleron AJ, Bouvet E, Garnerin P, Menares J, Heard I, et al. (1986) A 
computer network for the surveillance of communicable diseases: the French 
experiment. AmJ Public Health 76: 1289-1292. 

7. Josseran L, Nicolau J, Caillcre N, Astagncau P, Bruckcr G (2006) Syndromic 
surveillance based on emergency department activity and crude mortality: two 
examples. Euro Surveill 11: 225-229. 

8. Gault G, Larricu S, Durand C, Josseran L, Jouves B, et al. (2009) Performance of 
a syndromic system for influenza based on the activity of general practitioners, 
France. J Public Health (Oxf) 31: 286-292. 

9. Falchi A, Amoros JP, Arena C, Arrighi J, Casabianca F, et al. (201 1) Genetic 
structure of human A/H1N1 and A/H3N2 influenza virus on Corsica Island: 
phylogenetic analysis and vaccine strain match, 2006-2010. PLoS One 6: 
c24471. 

10. Fantoni A, Arena C, Corrias L, Salez N, de Lamballerie XN, et al. (2013) 
Genetic drift of influenza A(H3N2) viruses during two consecutive seasons in 
2011-2013 in Corsica, France. Journal of medical virology. 

1 1 . Flahault A, Blanchon T, Dorlcans Y, Toubiana L, Vibcrt JF, ct al. (2006) Virtual 
surveillance of communicable diseases: a 20-year experience in France. Stat 
Methods Med Res 15: 413-421. 

12. Costagliola D, Flahault A, Galincc D, Garnerin P, Menares J, ct al. (1991) A 
routine tool for detection and assessment of epidemics of influenza-like 
syndromes in France. AmJ Public Health 81: 97-99. 

13. Carrat F, Tachet A, Rouzioux C, Houssct B, Valleron AJ (1999) Evaluation of 
clinical case definitions of influenza: detailed investigation of patients during the 
1995-1996 epidemic in France. Clin Infect Dis 28: 283-290. 

14. Falchi A, Arena C, Andrcolctti L, Jacques J, Lcvcquc N, ct al. (2008) Dual 
infections by influenza A/H3N2 and B viruses and by influenza A/H3N2 and 
A/H1N1 viruses during winter 2007, Corsica Island, France. J Clin Virol 41: 
148-151. 

15. Thibervillc SD, Ninovc L, Vu Hai V, Botclho-Ncvcrs E, Gazin C, ct al. (2012) 
The viral etiology of an influenza-like illness during the 2009 pandemic. Journal 
of medical virology 84: 1071-1079. 

16. Gandhi A, Walsh EE, Formica MA, Hennessey PA, Griddle MM, ct al. (2012) 
Factors associated with symptomatic rhinovirus infection in patients with 
COPD. J Clin Virol 55: 343-347. 

17. Venter M, Naidoo D, Pretorius M, Buys A, McAncrncy J, ct al. (2012) 
Evolutionary dynamics of 2009 pandemic influenza A virus subtype H1N1 in 
South Africa during 2009-2010. J Infect Dis 206 Suppl 1: S166-172. 

18. Byarugaba DK, Erima B, Millard M, Kibuuka H, LL, et al. (2013) Genetic 
analysis of influenza B viruses isolated in Uganda during the 2009-2010 seasons. 
Virol J 10: 11. 



isolated between November 2012 and April 2013 in Corsica 

Island, France. 

(DOCX) 

Acknowledgments 

We thank the GPs of the Corsican Sentinelks network, the GPs of the SOS 
Medecin network the intensive care units and the emergency unit of 
OSCOUR network for their participation to ILI surveillance in Corsica. 

Author Contributions 

Conceived and designed the experiments: LM CA GH AT. Performed the 
experiments: AF LM. Analyzed the data: AF CA GH CS. Contributed 
reagents/materials/analysis tools: JPA LV CS MR. Wrote the paper: LM 
CA GH AF CS. 



19. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, et al. (201 1) MEGA5: 
molecular evolutionary genetics analysis using maximum likelihood, evolution- 
ary distance, and maximum parsimony methods. Mol Biol Evol 28: 2731-2739. 

20. Bentsen BG (1986) International classification of primary care. Seand J Prim 
Health Care 4: 43-50. 

21. INSEE website. Available: http://www.insce.fr/fr/publications-et-services/ 
default. asp?page — dossiers_wcb/population/ cstimations_pop.htm#p2. Ac- 
cessed 20 14 January 14. 

22. Lemaitre M, Carrat F (2010) Comparative age distribution of influenza 
morbidity and mortality during seasonal influenza epidemics and the 2009 
H1N1 pandemic. BMC Infect Dis 10: 162. 

2.3. Brcslow NE, Day NE (1980) Statistical Methods in Cancer Research. The 
analysis of case-control studies Lyon: ARC Scientific Publications 1: 346. 

24. R Development Core Team (201 1) A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3- 
900051-07-0. http://wwwR-projcctorg/ 2011. 

25. Peci A, Winter AL, Gubbay JB, Skowronski DM, Balogun EI, ct al. (2013) 
Community-acquired respiratory viruses and co-infection among patients of 
Ontario sentinel practices, April 2009 to February 2010. Influenza Other Respi 
Viruses 7: 559-566. 

26. Huo X, Qin Y, Qi X, Zu R, Tang F, et al. (2012) Surveillance of 16 respiratory 
viruses in patients with influcnza-likc illness in Nanjing, China. Journal of 
medical virology 84: 1980-1984. 

27. rcseau Sentinclles US, Inserm UMPC. Annual report of activities 2011. http:// 
wwwsentiwcbfr/2202pdf 

28. Friesema IH, Koppesehaar CE, Donker GA, Dijkstra F, van Noort SP, et al. 
(2009) Internet-based monitoring of influenza-like illness in the general 
population: experience of five influenza seasons in The Netherlands. Vaccine 
27: 6353-6.357. 

29. Ren L, Gonzalez R, Wang Z, Xiang Z, Wang Y, ct al. (2009) Prevalence of 
human respiratory viruses in adults with acute respiratory tract infections in 
Beijing, 2005-2007. Clin Microbiol Infect 15: 1146-1153. 

30. Esper FP, Spahlinger T, Zhou L (2011) Rate and influence of respiratory virus 
co-infection on pandemic (H1N1) influenza disease. J Infect 63: 260—266. 

31. Nair H, Nokes DJ, Gessner BD, Dhcrani M, Madhi SA, ct al. (2010) Global 
burden of acute lower respiratory infections due to respiratory syncytial virus in 
young children: a systematic review and meta-analysis. Lancet 375: 1545-1555. 

32. Falscy AR, McElhancy JE, Bcran J, van Essen GA, Duval X, ct al. (2014) 
Respiratory Syncytial Virus and Other Respiratory Viral Infections in Older 
Adults With Moderate to Severe Influenza-like Illness. J Infect Dis. 

3.3. Longtin J, Winter AL, Hcng D, Marchand-Austin A, Eshaghi A, ct al. (2010) 
Severe human rhinovirus outbreak associated with fatalities in a long-term care 
facility in Ontario, Canada. J Am Geriatr Soc 58: 20.36-20.38. 

34. Hershenson MB (2010) Rhinovirus and respiratory disease. E Ehrenfeld, E 
Domingo, RP Roos (Eds) The Pieornaviruses, ASM Press, Washington, DC: pp. 
369-382. 

35. Turbclin C, Souty C, Pclat C, Hanslik T, Sarazin M, ct al. (2013) Age 
distribution of influenza like illness cases during post-pandemic A(H3N2): 
comparison with the twelve previous seasons, in France. PLoS One 8: e65919. 

36. Vaux S, Noel D, Fontcncau L, Guthmann JP, Lcvy-Bruhl D (2010) Influenza 
vaccination coverage of healthcare workers and residents and their determinants 
in nursing homes for elderly people in France: a cross-sectional survey. BMC 
Public Health 10: 159. 



PLOS ONE | www.plosone.org 



12 



June 2014 | Volume 9 | Issue 6 | e100388 



Surveillance of Influenza Like-Illness in Corsica 



37. Hancock K, Veguilla V, Lu X, Zhong W, Butler EN, ct al. (2009) Cross-rcactivc 
antibody responses to the 2009 pandemic H1N1 influenza virus. N Engl J Med 
361: 1945-1952. 

38. Guthmann JP, Fonteneau L, Bonmarin I, Levy-Bruhl U (2012) Influenza 
vaccination coverage one year after the A(H1N1) influenza pandemic, France, 
2010-2011. Vaccine 30: 995-997. 

39. Kelvin DJ, Farooqui A (2013) Extremely low vaccine effectiveness against 
influenza H3N2 in the elderly during the 2012/2013 flu season. J Infect Dev 
Curies 7: 299-301. 

40. Kissling E, Valcnciano M, Larrauri A, Oroszi B, Cohen J, et al. (2013) Low and 
decreasing vaccine effectiveness against influenza A(H3) in 2011/12 among 



vaccination target groups in Europe: results from the I-MOVE multicentre case- 
control study. Euro Surveill 18. 

41. Bragstad K, Emborg H, Kolsen Fischer T, Voldstedlund M, Gubbels S, et al. 
(2013) Low vaccine effectiveness against influenza A(H3N2) virus among elderly 
people in Denmark in 2012/13 - a rapid epidemiological and virological 
assessment. Euro Surveill 18. 

42. Wilson IA, Cox NJ (1990) Structural basis of immune recognition of influenza 
virus hemagglutinin. Annu Rev Immunol 8: 737-771. 

43. ECDC (2013) Influenza virus characterisation. Summary report September 
2013. Surveillance report. 

44. Costagliola D (1994) When is the epidemic warning cut-off point exceeded? 
Eur J Epidemiol 10: 475-476. 



PLOS ONE | www.plosone.org 



13 



June 2014 | Volume 9 | Issue 6 | e100388 



